We examine some flavor changing processes such as rare leptonic decays of the long-lived neutral kaon, muon-electron conversion in nuclei and radiative muon decay which are induced by the combined effects of bilinear and trilinear R-parity violations. These processes are used to put strong constraints on certain products of the bilinear and trilinear couplings. We also discuss the constraints on R-parity violation from neutrino masses and compare them with the constraints from flavor changing decay processes. Large range of parameter space satisfying the constraints from neutrino masses can be excluded by the flavor changing processes considered in this paper, and also vice versa.
R-parity violation in the minimal supersymmetric standard model can be an interesting source of lepton and quark flavor violation. Typically one obtains bounds on R-parity violating couplings from the non-observation of such flavor violating phenomena in experiments.
There are a vast of literatures addressing this issue [1] . However most of them have focused on the effects of trilinear R-parity violation alone. In generic context, both bilinear and trilinear R-parity violations exist and they are independent from each other. Our focus in this paper is on the effects of bilinear R-parity violation on some flavor changing processes such as K L → e iēj , K + → π + ν iνj , µ-e conversion in nuclei, and µ → eγ.
These processes can arise from tree or one-loop diagrams involving two insertions of the trilinear R-parity violating couplings λ and λ ′ . The resulting bounds on λλ and λ ′ λ ′ are obtained in the literature for K L → e iēj [2] , K + → π + ν iνj [3] , µ-e conversion in nuclei [4, 5] , and µ → eγ [6] . Flavor changing decays of the neutral kaon and also the µ-e conversion in nuclei can be achieved by tree diagrams without any insertion of small fermion mass, thereby put very strong bounds of order 10 −6 ∼ 10 −8 on λλ and λ ′ λ ′ . However one-loop diagrams for µ → eγ need additional chirality flip by small fermion mass. The decay amplitude is then suppressed by m µ /mf with mf being a typical sfermion mass. This makes the bounds on λλ and λ ′ λ ′ from µ → eγ looser, which are of order 10 −4 .
In the presence of bilinear R-parity violation, there are additional contributions involving both bilinear and trilinear couplings. The importance of such contribution to fermion electric dipole moments have been discussed recently in Refs. [7, 8] . In this case, the chirality structure of diagrams differs from the case with trilinear couplings only. For instance, there are one-loop diagrams for µ → eγ without having the chirality flip by small fermion mass.
As summarized in Table II , this leads to strong bounds of order 10 −7 on ǫλ where ǫ is a dimensionless parameter measuring the size of bilinear R-parity violation. (See Table II .) On the other hand, tree diagrams for neutral kaon decays have to come with another chirality flip by small fermion mass, thereby lead to looser bounds of order 10 −4 ∼ 10 −5 on ǫλ and ǫλ ′ as summarized in Table I .
Since R-parity violation is severely constrained by neutrino masses [9] , it is quite tempting to compare the bounds of Tables I and II with those from neutrino masses [10] [11] [12] . The recent Super-Kamiokande [13] and other neutrino oscillation data can be well explained by assuming small Majorana neutrino masses: m ν ∼ 10 −1 eV or less. It has been argued that the existing neutrino data suggest that the maximal values of all 3 × 3 neutrino mass matrix elements do not exceed 1 eV [10] . Here we take this as a real bound on neutrino masses and derive the resulting constraints on R-parity violations which are summarized in Table   III . As we will see, the constraints from neutrino masses and those of Tables I and II are complementary to each other. Large range of parameter space satisfying the conditions for small neutrino masses can be excluded by the bounds of Tables I and II , and also vice versa.
To proceed, let us first specify the parameter basis for our analysis. When R-parity conservation is not assumed, the MSSM allows for renormalizable lepton number (L) or baryon number (B) violating interactions. In this paper, we ignore B-violating couplings by simply assuming that they are small enough to ensure the proton stability. We will then work in the basis in which the standard Yukawa couplings of the quarks and leptons are diagonal and also the vacuum expectation values of sneutrinos vanish [14] . Since this choice is not invariant under the renormalization group evolution, it must be understood as a basis choice for the parameters renormalized at the weak scale 1 . In this basis, still the most generic R-parity violating superpotential is given by
where H 2 is the Higgs doublet superfield with the hypercharge Y = 1/2, L i and Q i are the lepton and quark doublet superfields, E parameterize the bilinear R-parity violation in unit of the supersymmetric Higgs mass parameter µ. Bilinear R-parity violation can appear also in supersymmetry breaking scalar potential:
where H 1 is the Higgs doublet with Y = −1/2. In our basis, B i and m
are related by the condition of vanishing sneutrino vacuum value, ν *
H 1 = 0, so the entire bilinear R-parity violation are described by ǫ i and B i .
The basis described above is not the exact mass eigenbasis of fermions yet. If ǫ i = 0, there can be a mass-mixing of order ǫ i µ between R-parity even and R-parity odd fermions [16] .
Before taking into account of this mixing, we have four types of fermion-scalar interaction vertices:
where the first three terms stand for R-parity conserving gauge, Yukawa and Higgsino vertices, respectively, and the last one does for R-parity violating Yukawa vertices. Here ψ and H collectively denote R-parity even matter fermions and Higgs scalars, respectively, and φ, G andH are R-parity odd matter scalars, gauginos and Higgsinos, respectively. When written in terms of the mass eigenstate fermions, these couplings give rise to the mixing-induced vertices of the following types:
where the first and second terms originate from the R-parity even gauge and Yukawa vertices in (3), respectively, while the other terms are from the R-parity odd Yukawa vertex in (3).
Considering the processes connecting these mixing-induced vertices with those of (3), one can get bounds on the products of bilinear and trilinear couplings, which we will do explicitly in the subsequent discussion. There are also vertices induced by scalar mixing with B i = 0 which we do not consider here. At this point, it is worthwhile to mention that the terms in (4) appear with ν i / H 1 instead of ǫ i , and with accordingly defined couplings h and λ in the different basis where the bilinear term ǫ i µL i H 2 in the superpotential is rotated away.
The most interesting feature of the mixing-induced vertices is that they have different chiral structure compared to their counterparts in (3) unless they do not include the R-parity conserving Yukawa coupling h, i.e. ǫgφ * ψψ compared to λφψψ and also ǫλφψG compared to gφ * ψG. This allows for instance that, when combined with gφ * ψG, the mixing-induced ǫλφψG generates a dipole moment of light fermion at one loop order without any insertion of the small Yukawa coupling of light fermion [7] .
Let us write down explicitly the mixing-induced vertices which are relevant for our analysis. Ignoring the pieces involving the CKM matrix elements, the R-parity odd part is given The R-parity even part of the mixing-induced vertices which are relevant for our analysis is given by
where χ denotes the neutral gauginosB andW 3 . There are also similar vertices involving λ ′ ijk which are not relevant for the discussion in this paper. The detailed form of the mixing elements Θ's in Eqs. (5) and (6) can be found in Refs. [7, 12] , however the following approximate expressions are enough for our purpose:
where m Combined with trilinear R-parity violation, bilinear R-parity violation induces a left-right mixing of scalars which can contribute to the one-loop dipole moments of light fermions [8] , and thus to µ → eγ. From the superpotential (1), one easily finds such type of mass mixing for squarks and sleptons:
where v 2 = H 2 . This left-right mixing gives rise to one-loop diagrams for µ → eγ together with two insertions of the gauge vertices gφ * ψG without having any insertion of light fermion mass. We remark again that, in the basis where L i H 2 in the superpotential is rotated away, the similar sfermion mixing terms arise from trilinear soft-terms with the coefficients ν i λ ijk
We are now ready to consider the processes induced by diagrams connecting the mixinginduced vertices in (4) with the conventional vertices in (3). The processes K L → e iēj , K + → π + ν i ν j and also the µ-e conversion in nuclei can be triggered by tree diagrams involving both bilinear and trilinear R-parity violations. (See Fig. 1 .) It is in fact straightforward to obtain the bounds on ǫλ ′ from these processes. The diagrams of Fig. 1 correspond to the diagrams which have been considered in Refs. [2] [3] [4] [5] [6] to obtain the bounds on λ ′ λ ′ , but here one λ ′ is replaced by appropriate mixing-induced coupling in (5) while properly taking into account the necessary chirality flip. The resulting bounds are summarized in Table I The decay width of µ → eγ is given by
for the transition dipole moments
where
(1 ± γ 5 ). The dominant contributions to B R,L from the diagrams in Fig. 2 are found to be 
Applying the experimental data In the basis with vanishing sneutrino vacuum values, R-parity violation are described by
Here we are interested in the neutrino masses associated with ǫ i , λ ijk and λ ′ ijk , and thus ignore the contribution involving B i . Then tree-diagrams with two insertions of the lepton-neutralino mixing give rise to
while one-loop diagrams with two insertions of λ ijk or of λ
where m Table   III . The t β dependence in Table III comes from the sfermion mixing mass term involving
Note that the tree level neutrino mass (13) is not suppressed by small fermion mass, and thus leads to a strong bound of order 10 −5 ∼ 10 −6 on ǫ i . Since all the loop-induced neutrino masses are suppressed by some powers of small fermion masses as well as the loop suppression factor, the light generation components of R-parity violating couplings are not severely constrained by neutrino masses.
We have found that the consideration of flavor changing decays of the neutral kaon and also of µ-e conversion in nuclei put bounds of order 10
in Table I . Also µ → eγ constrain λ i12 ǫ * i and λ i21 ǫ * i to be less than about 10 −7 as in Table   II . Obviously, there are large range of parameters satisfying the bounds of Table III, but excluded by the bounds of Table II . Thus µ → eγ provides meaningful additional constraints on R-parity violation over the constraints from neutrino masses. It is also true that large range of parameters satisfying the bounds of Table II can be excluded by the bounds of Table III are imposed. We still note that if tan β is greater than 10, some bounds of Table I provide meaningful additional constraints on R-parity violation over the bounds from neutrino masses. Furthermore, if a light sterile neutrino is introduced, it may not be necessary that all of the three weak doublet neutrinos have masses smaller than 1 eV to explain the neutrino oscillation data, which would allow some of the bounds of Table III relaxed.
To conclude, we have derived strong bounds on certain products of the bilinear and trilinear R-parity violating couplings from flavor changing decays of the neutral kaon, µ-e conversion in nuclei, and also µ → eγ. We also discussed the constraints on R-parity violation from neutrino masses under the assumption that existing neutrino data imply that all the neutrino masses are smaller than 1 eV. Wide range of parameter space satisfying the constraints from neutrino masses can be excluded by the bounds from flavor changing processes, and vice versa, thus these two sets of constraints are complementary to each other.
TABLES process coupling exchanged scalar mass upper bound can be obtained by changing e and µ each other and also λ 1j2 by λ 2j1 .
